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Bessot, Annie and Comiti, Claude. UNE ETUDE SUR L'APPROCHE DU NOMBRE
PAR L'ELEVE DU COURS PREPARATOIRE. Educational Studies in Mathematics
9:. 17-39; February 1978. y

Abgtract and comments prepared for T.M.E. by GERALD A. GOLDIN,
Northermm Illinois University.

i. Purpose

This study explores some of the processes used by children in under-

standing natural numbers. The children are of ages 6 and 7, enrolled in
the Cours Preparatoire tC.P.). The following questions are asked: (1)
What procedures are spontaneously used in order to comstruct a set
equivalent to a given set; or, altermatively, to construct a set having °
more elements than a given set? (2) Are some procedures more fraquently
and/or more successf&lly employed than others? (3) How are the answers
to these questions affected by schooling and by the child's psychogenetic
deveiopment? '

2. Rationale

In discussing the uriderstanding of natural numbers, it is widely
recognized that three numerical "domains" may be distinguisked, each
with its own specific preferred method: ga) whole numbers from 0 to 6,
- global perception; (B) whole numbers from 7 to Zo‘nr 25, one~to~-one
correspondence; (c) whole numbers above 20 or 23, éorrespondence by
regrouping (paquet par paquet). This study is intended to provide more
detsil concerning the processes employed in understanding the second of

these numerical domains.

3. Reaearch Design and Procedures {

Two talks are used in this study, in individual sctuctured inter~
views with the children. In Task A, 15 red chips (jetons) are spread
out on the table by the experimenter. The child has a container with 25
blue chips, and is asked to "Take out as many blue chips as there are
red chips.” If the child takes all the blue chips, or does not respond

to the question (fait n'’importe quoi), or dees nothfng at all, the
tnstruction is repeated with the additional phrase, "If you wish, you
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may touch the red chips." Whatever the outcome, the child {s next
; asked, "Are you sure thst you have as many blue chips as red chips?"

-

Those children who are not sure, or vho are sure but are ia fact
- wrong, are then asked to check their results (some children check
their results spontaneously). o
In Task B, 18 yellow chips are placed on the table; the child again
has 25 blue chips. This time the instruction is, "Take more blue chips
. than ‘there are yellow chips.”" If the child does not respond to t
question or does nothing at all, the instruction is re;:eated vith the
phrase, "If you wish, you may touch the yellow chips." Whatever the

) AN
outcome, the child is next asked, "Are you sure that there are more \

blue chips than yellow chips?" and in the event of a simple *Yes," the \\
child is asked, "How do you know?"

The tasks are accompanied by a record sheet which is filled out
| during the interview. On this sheet the behavior of.the child at each

step is classified in one of several possible categories, based on the

N

method el;xployed or the response given to & question. For example, in
}'L‘uk A when the child is asked to “Take as many blue chips as there are
_ /" ved chips,”" the investigator makes a{note as to whether or not the
“ Then the method used by the child
is listed as one of the following: counting; correspondeué.e by regroup~

arrangement of red chips is modif1d¥,

~ ing (par paquets); pairwise correspondencej superpositionj arrangement
in fac‘ing rows; taking all of the bll'!;e chips; doing something else .
(n'importe quoi); doing nothing; or other (described). The success oT
lack of success of the child at each step is also recorded,
The tasks are administered to 121 children in aix different C.P. —-
- four urban, one rural, and one in & small industrial towm. Most of the
tables report the outcomes descriptively, in terws of the number of
children whé succeed or fail at each step on each task, the number who
employ each strategy on each task, and so forth (see below). Some of
the outcomes are examined by means of 2x2 contingency tables, and chi-
square tests of significance are used-~for example, to determine whether
the choice of method (counting ve. one-to-ome corregpondence) influences
success on the task, whether initial success is auc;cia:ed with the
child's expressed certainty of success, and so forth.
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4. Fiﬁdings : :
g On Task A, 52 of the 121 children succeeded and 69 did not succeed

in constructing a set equivalent to the given set. Among the 52 who
-  succeeded, there were 48 who were sure of their results; among the 69
who did not succeed, only 44 were sure of their resvita, Forty~two
of the 69 children were able to correct their initial constructions
when asked to verify their results; the remaining 27 may be said to
have completely failed the task, either because of cemplete lack of
comprehension of the fnstruction "as many as" (“autant"), or because
of the fnability to find or to carry out an applicable scr‘tegy.

On Task B, 81 children succeeded unambiguously in constructing a .

- set larger than the given set; another 24 satisfied the condition of
the task without it being possible to establish whether ;hia was due
to global perception or to chance; and 16 failed to comstruct a set
having more elements than the given sec. Only 3 of the 52 children
wvho succeeded on Task A failed on Task B; while 18 of the 27 children
wvho failed completely on Task A succeeded on Task B. '

On Task A, only 31 of the 121 children spontaneously manipulated
the red chips; 21 of these succeeded in the task on the first instruc-
tion. Of the 90 children who did not spontaneously manipulate the red
chips, only 22 succeeded in the task at this point, The {nstruction,
"If you wish, you may touch the red chips,” was only given to the 48
children who evidenced no strategy; 12 of these now manipulated the
red chips, and S of the 12 succeeded in the task, while of the 36 who
still did not manipulate the red chips, only 4 succeeded in the task.*

. " A chi~square test on the 121 subjects indiceted that manipulation of

- the red chips was associated with success on the task at a .01 level

| of significance. A

Similarly on Task B, manipulation of the yeilow chips appeared to
be associsted with success, ‘

On Task A, the following main relevant strategies were employed
by a total of 92 children: counting (51), one-to-one correspondence

(37), and correspondence by regrouping (4). One~to=one correspondence

*These who refer to the original paper may wish to note that in Table
1T (cont.), the headings oui and non of the columns appear to be reversed,

1
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vas further broken down ipto arrangement in facing rows (8), super-
position (5), and other pairwise correspondence (24)." Of the 80
students who carried out a verification of their result on Task A,
the strategies used were: counting (41), ene—to;one correspondence
(25), correspondence by regrcu;;ing (3), and others (11).

On Task B, 82 children used aétatagies'uhich could be classified
under the above headings, with a alightly different order of frequency:
one~-to-one correspondence (44), counting (36), correspondence by regroup-
ing (2). In addition, 26 students used the strategy of emptying the
whole container of blue chips.

On Task A, there was a relationship'betunen strategy used and
success (p< .10). Twenty-five of the 37 children who used one-to-one
correspondence succeeded on the task, and 25 of the 51 children who used
counting suc:eeded. There was no significant relationship between stra-

' tegy used and the expression of certainty by the child, There was &

significant association (p <.01) between success on Task A and the
expression of certainty by the child,

Finally, there was found to be a considersble degree of conaistency
in the strategies used within each task, as well as from Task A to Task
B. Fifty~-one of the 121 children used the same strategy from beginning

to end.

5. Interpretations
The resistance of many children to touching the chips on the table

spontaneously is noteworthy. This is & possible consequence of teaching
practices, and is especially unfortunate because of the strong associa~
tion observed between manipulation and success on the tasks,

The children's greater success on Task B may result either (a) from
the possibility that the concept "more" is better understocd than the
concept "as many as," or (b) from learning which takes place during Task
A, or (c) from the fact that a processing error (e.g., miscounting) does
not lead to faflure on Task B as surely as it would on Task A,

A measure of the "operationality" of a method is defined to be the
number of children using the method successfully, divided by the total
number using the methed, One~to-one cerrespoﬁﬁenca has a greater
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operationality (0,67) than does counting (0.49) for this population,

in the given numerical domain (for which one-to~one correspondence was
{dentified in the rationale as the preferred methkod), Operationalities
of methods were not compared for Task B, since here a method could lead
to a correct answer even when used incorrectly (e.g., counting).

More children used one—to-cna-correupondence than used counting on
Task B, in contrast to Task A, This may result either (a) from the fact
that school instruction streiaea counting mainly in the conteéxt of deter~
mining the cardinality of a given set, or (b) from non-mastery by C.P.
children of the order relationship among numbers 9! this magnitude,

Abstractor's Comments

Among the strengths of this study are (1) its delineation of a sat
of altermative methods or strategies for carrying out the two tasks, and
(2) the creation of a structured interview framework for observing,
recording in detail, and comparing the effects of strategy usage. The
strategies identified appear to be widely used by children at this age
level; thus we have the prospect of comparing their usage frequencies
and operationslities for other populations and other numerical domains.

An important question in evaluating this study is that of the
reliability o% the classification of behaviors by the experimenter. We
are not provided with detailed definitions of the behaviors which were
recorded—for example, without a definition for "manipulation” of the
chips on the table, it is unclear vhether children who coqnted those
chips by pointing at them were considered to have “nsnipuiatad“ then,
There is also no mention of any attempt to cross-check the classification
of behaviors; for exsmple, by having them scored independently by wore
than one observer during the course of the interview. From the informa-
tion provided it would probably be quite difficult to replicate this

study with confidence that the same strategies were being recorded,

The major difficulty with the study is one's inability to draw
conclusions from the data. In this experiment we have a single pair
of tasks in a fixed sequence, and a mixed population of childrem with®
a variety of instructional histories. Consequently, when one strategy
is observed to be used more frequently or more effectively than another,



‘2

e .

‘ *
L

ic in a priori impossible to determine whether the effect is due to
(c} characteristics of the tasks or their sequence, or (b) character-
istics of the population, such as age or developmental level, or (¢)
the instructional histories of the children,

To elaborate on this point, consider the finding that counting
vas less oper;éional than one~to-one correspondence. On the surface
this appears to be a statement about the children’s development, How-
cvcr;.in a strictly logical sense, one can argue that counting is the
performance of two successive one-to-one correspondencess firat the
correspondence of the chips on the table with the standard sounds for

the numbers, then the correspondence of the sounds with the chips taken

from the child's container, The probability of success ig performing
the operation twice migh§ be expected approximately to equal the square
of the probability of success in performing the operation once; and
indeed 0.49 is quite close to the square of 0.67. This kind of analy-
sis seeks to attribute the finding to the intrinsic structure of the
task. A compelling argument could also be made for attributing the
finding to the nature of the school instruction which the children had
received up to the point in the year when the study was conducted (the
end of the second trimester of the school year).

The authors of the paper are careful not to draw unjustified con-
clusions, More meaningful interpretations of the findings would have

been possible if the experimental design had permitte&”%one variables

to take on a range of values while others were held constant, For
{nstance, the tasks could have been administered in the opposite order
(Task B first) to half of the population; or an equal numbex of child-
ren could have performed the same tasks but with a larger number of
chips; or the identical procedures could have been followed with
children at distinct levels of schooling, The absence of any such
experimental variable limits the conclusions which can be drawn,
Daspite this severe limitation, the report is instructive and informa-
tive, and should motivate additional research into the factors
influencing children's strategies.

10
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Brown, John Seely and Burton, Richard R, DIAGNOSTIC MODELS FOR .
¢  PROCEDURAL BUGS IN BASIC MATHEMATICS SKILLS., Cambridge, Massachu~ .
:

setts: Bolt, Beranek and Newman, Inc,, Decefmmber 1977. ERIC:
ED 159 036.

-

Abstract snd comments prepared for I.M.E. by GEORGE W. BRIGHT,
Northern Illinois university.

1. Purpose
The report presents an application of a computer~based procedure

for developing dlagnostic models of chiLQten'n errors with computa-
tional algorithms., Subtraction of whole gumbers is the applicatioa
chosen. The report is not primarily an empirical investigation, but
rather 1e a development of a tool for diagnosing students' difficul-
ties.

2, Rationale

The term, diagnostic model, is used "to wean a representation of

a student's procedural knowledge or skill that depicts his internali-
cation of a skill as a variant of a correct version of that skill,"

A diagnostic model for a student's errors is identified by computer
analysis of the errors. The computation algorithm (e.g., subtraction)
{s snalyzed into subskills (subprograms) which can be called up as
needed. This list of subprograms is then expande&.:o include erroneous
variants (bugs) which may be used by students ﬁo obtain incorrect
snswers. These bugs may be identified through theoretical anilysis
or analysis of student's work. A student's problem can be diagnosed
by comparing her/his snswers to those produced by the bugs so identi~
fied. The bug that reproduces the student's anggers would model a
probable cause of the student's difficulty. ’

Several levels of variants can be handled in this model, .Simple
errors (e.g., subtracts smaller digit from larger) can be identified,
and these simple errors can be combingd (e.g., O-N=N AND stops bor . ow~
ing at zero)., The extent of analysis which can be carried out by

i

computer is greater than could be Jome by an 1nd1v15h31.
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3. Research Design and Procedures ‘

- The procedures have been adapted to a quasi-simulation setting in
which the computer acts as an errant student and an individual tries
to diagnose the bug. The individual presents problems to the computer
which computes according to the selected errant behavior, When the
individual believes a diagnosis is achieved, the computer presents five
problems which the ind{vidual -is then to compute tho:ding to the
errant behavior. If the responses are consistent with the errant
behavior, the true error is identified by the eomfuter so the indi-~
vidual can check the diagnaﬁia. If not, the individual presents moxe
problems to the computer to help rediagnose the errant behavior,

This simulation was used with preservice teachers (for about 1 1/2
ﬁoura) and with seventh- and eighth-grade students (free use during a
school term). No further details about experimental procedures were
given,

" The procedure was also applied to a data base of 1325 fourth-,
fifth-, and sixth-grade Nicaraguan students, These students had
previously been tested on simple and complex addition and subtraction
problems, but only the subtraction results were analyzed, Single bugs

and pairs of bugs were identified.

4, Findings .
Anecdotal data are provided for the experiment with preservice

teachers. The details of the experimental results are referenced.
Expcsure to the procedure improved subjects' abilities to detect
regular patterns of errors.

No data for the seventh- and eighth-graders are reported,

A total of 60 single bugs were identified for the Nicaraguan
students, In addition, 270 pairs af\bugs were identified whose
"gymptoms” were different from thcse of the single bugs and differedt
from each other. The single and double bugs were used to categorize
students according to "1likely" explanations of difficulties. Although
the classification was completed, there was no opportunity to follow
up with the students to verify the diagnoses. -

-

12



5. Interpretations _

.
tne projected use for the procedure is to determine how well a

test can disgnose errors. That is, if two bugs produce the same
answers for the problems on a test, then the test cannotvdistinguish

. among these as explanations for the errors. Identifying bugs uniqﬁely

is clearly aAéeQirable trait of diagnostic tests,

.

Abatractor's Comuents

The p&_:xr is obviously typleal of those abstracted in IME,

It is basically a fgasibiliéy‘stydy of a compﬁter procedure for cate~-
gorizing students' errors according to possible explanations of the
causes of those errors. As such it is quite convincing,

‘T§e major difficulty in applying the procedures outlined would
seem to be the expense in tiﬁe and effort to generate approptiate
computer programs for each algorithm of interest; there are many
algorithms for which one might want to &iagnose errors, <{onceptually,
the ideas seem fairly straightforward,  The procedure would seem to
have important potential as part of réal—time, interactive, computer-
based tutoring systems. ' ‘

I would like to see a diagnostic test developed for subtraction -
which would be able to diagnose uniquely the bugs identified by the
authors. Of particular interest would be the number of problens
required, Field-tests of the test would also be of considerablé

i{nterest to many mathematics educators,
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Danarin, Suzanne K, COMNJUNCTIVE INTERPRETATIONS OF LOGICAL CONNECTIVES:
REPLICATION OF RESULTS USING A NEW TYPE OF TASK, Journal for Research
in Mathematics Education 8: 231-233; May 1977,

-

L 4

Abstract and comments prepared for I,M,E. by NICHOLAS A.'BRANCA,
San Diego State University. )

1. Purpose . ‘\k . .
To examine prospéctive elementdry school tesche:a' interﬁretationsiof

logical connectives when they appear in single statements concerning mathe-
"mat{cal relatioms. ,
2. Rationale ‘ .

-Earlier studies report contrasting findings on subjects' performance

" on 1n£erenc£;tasks (0'Brien, Shapiro, and Reall, 1971;‘Démarin, 1977).

3, Research Deésign and Procedures | e . .

An eight-item test cégéissing of four two-question subtestas on each
of four connecsives (conjuncticﬁ, disjunction, conditional, and bicondi~-
tional) was agﬁinistered to 65 preservice elementary school teachers,
Items were scored 1 if correct and 0 if incorrect or omitted. l!Means,
standard deviations, and,reliaﬁility estimates were ipmputéd for each -
subtest and the statistics and error patterns were examined. The analy~-

sis was repeated after scoring the items as if they.were all conjunctions.

—

4, Findings )

Means, Standard Deviatiphs, and Reliabilities for 2-Item Tests

e e i e = e e e e e e S

Connective " Mean SD Tetrachoric »r
Conjunction 4 1.94 .52 .95
Disfunction .60 74 .80
Conditional .05 28 .65
Biconditional .08 .37 .93

v ;' b
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Statistics for 2~Item Tests Scored for Conjunctivé Interpretation

g . ————————— e — — -
Canecttve Mean sD Tetrachoricr
ijunction 1.94 52 95
< Disjunction .78 85 91
“Conditional .71 52 T4
Biiynditional ’ 1,80 .48 97
ped

5. :i:éhg:etations

./ﬁtﬁgin the context of elementary school mathematics, preservice ele-

mentary teachers have a detter understanding of the inclusive "or" than of
implication., Most subjects consistently trested the conditional and bi-~
conditional as if they were conjunctions and 17 of the 65 subjects inter-
preted the disjumctive "or" that way, Fifteen subjects treated the dis-
junctive "or" in a manner consistent with the logical "inclusive or."

Abstractor's Comments

ihe major question regarding this study is its generalizahif&ty to
both subjects and content. The test items were specific to odd and even
aumbers and cannot be said to represent the context of elementary nathe~
matics., The subjects were preservice elementary schoel teachers enrolled
_in the first of two required mathematics courses. Thelr background in
logic is not described, yet the interpretation of the results depends
on.whether the test was administered before or after exposure to this
content. If the subjects had no expesure to legic concepts (as one would
assume from the report of the séudy), then their tendency to treat the
conditional and biconditicnal as equivalent to the conjunction is upder-

standable. _

Y ‘\\/'
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Erlich, Oded and Shavelson, Richard J. THE SEARCH FOR CORRELATIONS BﬁTﬂEEN

MEASURES OF TEACHER BEHAVIOR AND STUDENT ACHIEVEMENT: MEASUREMENT PROBLEM,

CONCEPTUALIZATION PROBLEM, OR BOTH? Journal of Educational Measurement
1S: 77-89; Summe: 1978.:

Abstract and comments prepared for I M.E. by JORN DOSSEY,
I114inois State University.

1, Purpose | _
The purposes of the study were “(a) to provide data bearing on the

generalizability of measures of teacher behavior over several facets of
their measurement, and (b) to determine whether the lack of significant
correlations between measurements of teacher behavior and student achieve-
ment is due to problems in the genmeralizability of their measuremqg:} in
their conceptualization, or both,” ‘
'

2.. Rationale ' o

With the advent of operatianally ‘defined variables in ‘th stud:- of *~ °
teaching, several attempts have been made to find significant correlae
tions hetween various measures of teacher behavior and student outcomes,
The resulting low correlations indicate that teaching acts or teaching
effects on student achievement are unstable for the most part (Shavelson
and Dempsey~Atwood, 1976). To understand the reasons behind these low
correlations, generalizability theory (Crombach, Gleser, Nanda, and
Rajarathnam, 1972) is applied to the analysis of the data from oné such
study, This results in a set of teacher behavior variables which can be

reliably measured over occasions and raters in studies of teacher effects,

~ -~

3, 'ggaearch Design and Procedures

The study analyzed samples of 10 fifth-grade teachers' behavior in
instructing their reading and mathematics classes, This was s reanalysis
of some daéa which had been collected in the Beginning Teacher Evaluation
Study. Each teacher was observed on three different days (occasions).

On each of these days, both the 40-minute reading and mathematics classes
were taped (subject matter). These video tapes wer;‘then rated by apanel
of observers on a cluster of teaching behavio;i (raters).,
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‘The video tapes were coded with respect to both the frequency of
particular teaching behaviors and global aspects of the teaching per-
formances, The resulting data were structured for analysis using the
following five clusters of teacher behavior varisbles: (s) presentation
of content, (b) :eacher questions, (c¢) teacher feedback and classroom
management, (d) 1ncerpersanal behavior, and (e) globdal ratings.

« Iue to the small number of teachers, raters, and occasions, the
data were checked for coﬁgruence in the error square magnitude with the
data from the previous Shavelson and Dempsey-Atwood study to prevent the
interpretation of the spurious effects of some chance variation. The.
data were then analyzed by a computer program develdped by the authors
which split the variance into the universe score variance and three
sources of error variance: the teacher~occasion interaction confounded
with occcasion variability, the teacher-rater interaction, and the
teacher~rater-occasion interaction confounded with the rater-occasion
interaction ‘and unidentified sources of error, These érror sources were
labeled as the O~term, therm, a&& é:cerm respectively, )

A particular teacher behavior varfable was labeled as generalizable
if 1its relative universe score variance exceeded 0.10. This coefficient
of generalizability is 1likened to the index of reliab{lity in classical
test_:heory; These coefficients were compugsd across the 10 teachers,

4 raters, and 3 occasions, ‘ S s

4, Findings
Within the cluster of teaching behaviors called presentstion of

content, only one of the 10 variables was judged generalizable. This
was the variable called "giving an explanation," 1Its error variation
was almost entirely explained by the E-term (89 percent)., Since it was
the only variable in this cluster judged generalizable, no patterm ‘could
be established for its neasurement, The instability of the“other varia-
bles in the cluster agreed with the earlier Shavelson and Dempaey-Apuood
findings.

In the second cluster, teacher questions, three of the seven
varisbles were judged generalizable. These variables were "asking for
an ansver," "asking if information was undetlgood.“ and "asking for

- 7 | ‘
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agreement.” The e’ or for these three variables wae due to the O-term
and the E-term and not to the Reterm, Hence these variadbles can be
nnasured reliably with a moderate number of occasions, This findiﬁg
was in partial @greeuent with the Shavelson and Dempaey~Atwood study.

In thi teacher feedback and.cla:nracm management and control
cluster, the varisbles were divide& fnto the subcategories of positive,
neutral, and negative fredback. The analysis of the first subcategory
showed tha: three of the positive feedback variables wé}e generalizable
(jtnple knowledge of results, elaborated knowledge of results, and posi~
tive physical feedback). The pétéérn of error variation showed an even
distribution of each of the sources, indicating that these variables can
be relisbly measured with a nintmal number of raters and occasions, In
the neutral and negative feedback subcategories, the variables exceeding
. the 0.10 criterion did not have patterns which would allow the explana~
cion of the conditfons under which they would be gemeralizable, Again
these findings generally agreed with those of the earlier atudy.

Five of -the interpersonal behavior variables were judged as being
generalizable., The first group, calied prodbing behaviors, weret "direc-
tions to child to elaborate with knowledge of results," "asking for
development of a response,” and "direction to try again." The pattem
of the sources of error variation for these measures was evenly distri-
 buted across the sources of error variation, Hence, these measures can.
be reliably made with a reasonable number of ratefﬁ and occasions.

The two variables labeled generalizablg in the non~-probing subcategory
had the majority of their variation due to the E-term, In order to
increase the generalizability of these'keasures, additional study would
have to be made of the sources behind the magnitude of the E~term,

In the global rating cluster, several variables were judged as being
generalizable, For most of'thele the source was the O-term and the R-
term, with relatively low contributions due to the E~term, These find-
ings suggeat that the global behaviors can be relisbly measured with a
reasonable number of raters and occasions. These findings also agreed
with the earlier study on the generalizability of the global variables.

18
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5., Interpretations ;
The study of the findings ceneetning varisbles labeled as non-
gereralizable in studies ~f teacher behaviors and student outcomes in

general shows a pattern of inconsistent correlatiocms. The few cases
where this i{s not the case need to be examined closer to see 1if the
problem resides in the mea-urement'proceduras employed or in the con-
ceptualization of the variables, The study of the find{ngs showing
consfstent non-zero correlations in studies of teacher behavior and

:uden: cutcomes tend to be on vartables lsbeled here and in the
previous study as being generalizahle measures,

. Before additional studies of correlations between teacher variables
and student outcomes are made, the generalizability of the variocus
measures needs to be examined with respect to the number of raters and
occasions necessary to make any kind of generalizable statements, In
cases of non«generalizable variables, the cause for the none-
generalizability needs to be examined. 1Is it due to the conceptuali—

- e e &
zation of the variable or the measurement ptoceas or posci&ly both?

égperactcr‘a Comments

The present study was well done. The authors carefully constructed
their model and provided adequate safeguards against spurious findings.
While their numbers were low, they carefully and consistently interpreted
their findings in light of the model and the dat:i. The results are
important and should lead to substantial reanalysis of many mathematics
education studies which have attempted to relate teaching behavior
varfables to student cutcomes. As such, the article is a valuable con-
tribution to the literature on the development of.methoda for the study
of teaching and the construction of theories of classroom instruction,
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Abstract and comments prepared for I,M,E, by KAREN FUSON,
Northwestern University.

1. Purpose

This study examined characteristics of test items used in. researching
Piaget's topological-to-Euclidean hypotheais. The hypo:hegil proposed in
this study was that performance will vary with the amount of distortion
of a chéice item from the standard item, rather than with the particular
type of distortion (topological vs. Euclidean) regardless . of its differ-
ence from the standard. A particular method of measuring the amount of

distortion in geometric figures is proposed and tested.

1
1
!

Previous research attempting to ascertain whether topological con-
cepts are understood before Euclidean concepts has yielded contradictory
results, Many test items in this literature consist of a standard and
two choice items, one of which {s a topological variant of the aemple
item and one of which is a Euclidean variant, Subjects are asked to
choose which one of the choice items is most like the standard. The
results are examined for a shift with age from topological cheoices to
Euclidean choices. However, the amount of difference between the stan-

dard f{tem and each choice item has been uncontrolled.

3. Research Design and Procedures

The standard and choice itéms were viewed as being composed of sets
of dots (as if they were drawm on la:tice—poiﬁt paper). The difference
between a standard and a choice item was deéfined as the number of points
required to Change.the choice item to the standard. A prior’ probabili-
ties for the selection of each variant were calculated by divid#pg the
number of points required for one varient by the sum of the points
required for both variants. Topological and geometric variants of each

standard wers selected in such & way that the s priori selection

20
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. probibilities for the topological variant varied from .09 to .91 across
the ten test items., Choices were predicted to match these probabilities.
Four versions of the test were used, each version being composed of a

n?

different randam sequence of items,

The test was 1nd1v1dunlly administered to 345 children from nursery
school through fourth grade, Each sample with its topological and
Euclidean variant was on an individual page, Each subjéct was asked to
point to the figure that was most like the top figure, i

The correlation betyeen the a priori selection probabilities and the
actual selections was calculated, Effects of schoecl level (age) were
examined for the individual test items and for the test as a whole., For
$he individual test items, a likelihcod ratio test was employed, with
significance levels deterﬁined by the chi-square approximation to -2 1n
A (A = the likelihood ratio). A one-~way analysis of variance was run
using the sum of each student's responses. Likelihood ratio tests were

"used for afsesSing the effects of the test versicn, and a standard ... . -

normal test was used for examining the effects of sex,

4., Findings
The Spearman rho for the correlation between the predicted choice

frequency of topological variants and the actual frequency was ,97,

. With the exception of one item, the star, the rank order of the items
on the actual frequency was the same as the predicted rank order, The
frequency of cholce of the topological variant was significantly differ-
ent across grade levels for four items, Theee differences seemed to
result primarily from performance by the nursery school subjects, which
differed from that of the older children, Except for the anomolous
item four (the star), the rank ordering of items by frequency of choice
for grades 3 and 4 and for kindergarteners was identical to the predicted
order, the rank ordering for second grade contained one reversal of the
predicted order, that for grade 1 contained 2 reversals, and that for the
nursery group contained 3 reversals. The age difference on the test
scored as a whole was not significant. The qhi-squiie analysis on item
frequencies in different test versions was significant for four test
items, and the ANOVA for total scores for different test ve?sionl was
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significent, Examination of frequencies for particular itecs in
different versions yielded no clear explanation, either mathematical
or psychological, of possible sources to} these differences, The
different random versions happened to permit assessment of effects of
the immediately preceding item and of placement early or late in the
test. Neither of these was responéihle for the differences found.
Nor war there any evidence of a righteleft bias, There were no signi-
ficant sex differences in the !requéncy of selection of topological
varisnts for particular items or for oversall test scores, Postetest
interviews in which items were given again and reasons for cholces
asseased led to the identfficatfon of & small number of students at
each age level who strongly favored either topological or Euclidean
variants across eight or more items,

S, Interpretations

The authors interpret their findings as providing strcng support
fbr.fﬁif; distortion model. Thzy.aonjeéture that’ the fact that the
fourth i{tem (the star with interior lines drawn in) resulted in almost
all subjects of all ages choosing the Euciidean variant (star with
omitted interior lines), rather than the topological variant (a flower),
was an effect of familiarity with the shape, Sg;eral general possible
explanations for the age differences in choice are proposed: early
developumental changes in perception, smaller sample size, less under-
standing of the task, minimal exposure to spatial figures, It is con-~
cluded that "the youngest children responded in a somewhat different
manner," but this difference is not characterized further. The finding
of significant performance differences resulting from the sequence of
{tems in a test (the version used) was cited as further support for the
idea that test items, rather than developmental differences, are '

responsible for the variation in performance in such tasks,

‘Abstractor's Comments

The authors' invention of an operational definition for the
difference between {or distortion of) & choice item figure and a

standard figure is rn extremely useful methodological control for
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research with geometric figures, - The evidence seems guite couvihcing
that, with the exception of familiar figures, the frequency of chodce
of an item approximately matches that determined by the difference
definition, This study serves as another important reminder that cask
varisbles must be controlled before we can make Inferences about other
sources of performance differences,

this area. A very creative way to deal with one important difficulty

‘{n this area was invented, A considerable effort then went into test-

ing this method: a large sample was individually tested. However, the
authors could have given greater consideration to their findings or of
implications of their findings., The most important l4mitation in this
regard is with respect to the application of their definition .of
difference to previous studies, They open their paper by suggesting
that previous resesrch has lacked an important test-item control, They
conclude that their method dges provide such a control, It would have
been extremely informative and fairly simple for the authors to have
applied their methsd to the figures used in the studies to which they
referred in the beginning of their paper. As it is, their paper leaves
the impression, overall, that previocus research results on preferences
in topological or of Euclidean variante of a figure reduce simply to
being effects of the teat ftems used, The exteﬁ: to which those results
in fact stem from the nature of the items used can now be aalealéd by
the method proposed in this paper, bug'ic must be used before any conclu-
sions can be drawvn, The suthora® treatment of this issue seems somewhat
peculiar, They state, "If the measure can be used with previous data,
then this whple paper seems rather pointless, ' The authors were in a
position not only to know whether their measure could be used with pre-
vious figures (presumably the method works with any figures), but also

_actually to do so,

Furthermore, the suthors fail to discuss sdequately the implications
of their scaling procedure for assessing Piaget's hypothesis. This study
has provided a way to generate test items matched for distortion from the
standard. It has even provided a measure of such distortion, Studies
can now be deaigned to exagine not only itemx;:hat are properly matched,
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bBut also to ascertain the effict of varying the amount of diatortion
(e.g., both choices far from standard, both choices close to standard),
These considerations should have been explicitly discussed in the paper.
Instead of such a discussion, there is only the rather stvange sentence:
"It may be that Piaget's assertions are valid only when variants at the
same distortion level are used.” ércqumnbly. the point of their study
was to develop a method of determining when variants were at the same
distorticn level so that Piaget's assertions could then be examined
with those distortion levels controlled (i.e., equal).

A careful consideration of other aspects of the figures might have
enabled the authors to account for their age and test version results.
The ability of figures to be labeled might be one important factor, The
existence of a label might account for the previously mentioned over-
whelming choice of the star without internal lines. It might also help
to explain performance on the aixth item, whose standard was & circle
and whose overall choice level of the part of the circle was J0 percent
higher than the predicted probability, Another characteristic of test
items that might be examined is the extent. to which part=-whole relations
wvere maintained or violated, On some items, missing line segments were
in the interior of the figure, so that their omission left the whole
the same. On other items, the omission resulted in only a part of the
figure remaining, Most of the differences between the nursery school

sample and the older children seemed to be on items involving these part-

vhole problems, ) ¢
Finally, the authors' treatment of the age differences they found

"eould have been more analytical. They had 44 subjects at the nursé}y

school level; they might have apl;t that sample into high aand low. (e.g.,
three- and four-year olds) age groups to pursue the age differences they
did find. They might have checked their interview data for clues about
sources of these differences. A considerable amount of data were
generated for this study, and a large investment of time went into the

coliection of these individual performances, Any suggestions the suthors

might make as a result of each further examination of their data would

not carry, of course, the same weight as a study in which characteristics

c4
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were specifically manipulated, but the hypotheses provided .in ‘lu'ch an

examination would have been a welcome complement to the methodological
advance that is the main -contribution of this paper,

a]
-
“ \
L) “ _
* .
- -
]
“

T



- -

‘_s"xtt’{'ﬁ:

22

Johnson, David W.; Johnson, Roger T.; and Secott, Linda, THE EFFECTS

OF COOPERATIVE AND INDIVIDUALIZED INSTRUCTION ON STUDENT ATTITUDES

AND ACHIEVEMENT. Jouinal of Social Psychology 104: 207-216; April

19780 . :
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Abstract and comments prepare& for I.M.E. by WILLIAM NIBBELINK,

University of Iowa, %
1. Purpose

The purpose was to compare learning outcomes for a "cooperative" -
situation and an "individualistic" situstion, using as dependent
variables: (1) attitudes toward teacher and classmates, (2) attitudes
important for socializatiom of students into society, and (3) achieve-

ment relative to the mathematics studied. The "cooperative" situation

{nvolved students working in groups of four, seeking help from each
other rather than from the teacher, with the teacher rewarding the
group as a whole, The “1nd1v1dualistic“ situation involved students
working on their own, avoiding interaction with peers, securing help
when needed from the teacher, with the teacher rewardingrghe individual,

2. Rationale

"while there is a great FAeal of research comparing the relat ve
effects and correlates of cooperative and competitive goal structures,
there is an absence of research comparing cooperation and individuall- "
zation." TFurthermore, the homogeneous setting is usually neglected
for more integrated aettiﬁgs relative to the study of attitudes impor-
tant for the socialization of children into a heterogeneous society,

3. Research Design and Procedures |
Of 120 f£ifth and sixth graders, the 30 with the highest scores -
on & mathematics test were selected and then ranked on the basis of

sathematics performance over the five preceding months. The first
14 even-numbered students (3 boys and 11 girls) were assiguned to the
{ndividualized condition; the other 16 (9 boys and 7 girls) to the
cooperative condition. Four cooperative groups wer;'farmed, each
consisting bf a high achiever, a low achiever, and two average

~.
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- 4n the individualized cenditicns moved their desks to isulate them~

achievers from the 16, All atudents vere from uppei-gi.ddla-claas
homas, and, as a group, the 30 were ahove average ac:demically.

All students met at’ the same locatién under the same teacher for
GQ minutes of mathematics a day for 50 gays‘ 'The msthematical content

?-wnsfutrugtured for use as an 1ﬁdiv1du§112ed program and was new con-

tent to the students, Each day students in the cooperative conditien
moved thelr desks toge:het to form their groups of four, and students

-

selves from other children. Data were collected during the 50 days,

* ag_she end of the period by a posttest, an two months later by a

retention test,

rwils -

\l "The resulta indicate that cobperative learning Promoted more

r ' L

positive ;ttitudes :owards heterogeneity among peers, higher self-

. esteem, more'positive attftuQes toward the geachet, fellow cooperators,

and conflict; hogelinéernaltiocus of eontfai: and higher daily achieve-

ment.”

y

On both the mathematics‘poﬁttest and the mathematics retention

 test, the students in the individualized condition did bettex when

the tests wer takéﬁ'§ndividuélly. -

“/‘{ . -

5. Interpretations

CIearly; the studénts’invqlved«in the study constituted a homo-
geneous group, being whitg,1u§per-mid&1e—class, high-achieving
children. "In such homogenéous settings teachers can incrlggs gtudent
rvaluing of ethnic, sex role, and cultural heterogenedty among peers
through sttucturing;léatning gituatiohs coopérafivelﬁ.“ ‘However,

" "generalization of results is limited by the specific math materisls

used, the nature of the studentS'particithiﬁg in the study, and the
size of the sample." |

, Abatractar s Comments
Although it is fashionable to use the student as the unit of

—

sanpling with studies ss:h as this, it is queq:ignable. The teacher.

.
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was clearly part of both treatments, and not equally part of both.

The authors reported that many in_the individualized condition men-

tioned "not 1iking to wait for the teacher's help" and being concerned

"that they would appear dumb,” Such feelings about aeeking help could

have been determined in part by the teacher, which cuuld, in turn,

have implicationa for any measure of attitude administered in that "

- ““m L]

ﬁb:hggroups came from an individualized condition into the condi-
tions set up for the study. Thus, the individualized condition was &

. continuation of a condition while the coopersttve condition represented

a change. The problem of differences being in part 8 reaction to
change exists, . ‘

Administering both conditions in the same room at the same time
admits its own batch of problems, If an analogy is permitted, ham-
burgers taste different when everyone is having hamburgers than when
half the folks are enjoying steak, The authors suggest that the
children who worked i{n groups had more positive attitudes toward
conflict than those who sat quietly alene during whatever conflicts
took place 1n‘that room, This may suggest simply that argument is
more valued by those who argue than by those who are forced to hear it.
Also, the less positive attitudes toward the teacher by :hase who sat
alone may be a reaction to being deprived of visitiag others by that
person, for 50 days, while other students were encouraged to visit,
Briefly, there is a considerable risk with this study that the
measures of attitude yielded results peculiar to the very atypical
experimental conditions.

The study should be viewed as a pilot study which presents some
interesting questions and offers suggestions for treatment conditions
and dependent variables, General statements about the relative merits
of the "individualistic" situation and the “cooperative” situation are

not warranted.
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Kutz, Ronald. AN ANALYSIS OF 'mx USE OF MATH MANIPULATIVE MATERIALS
IN NORTH DAKOTA. Orand Forks, North Dikota: Bureau of Educational
Research and Services, August 1977.

-

Abstract and comments prepared for I.M.E. by CLYDE A. VILES,
Indiana University Northwest.

1. Purpose .
This survey study was to provide fnformation "needed to plan better

pre and inservice mathematics prog:ams“ far Elementary School Te:chera.
The questions to be addressed were fdentified as follows (pagc 2):
1. What mathematics manfpulative materials are currently being
used in North Dakota elementary school classrooms, and to
wvhat extent?

2, Who is using them?

2. Ratiomale .,

| The basic rationale derives from two beliefs. First, that physical
interactions of children with the environment produce mental growth and
understanding. And second, that the use of mathematics mnnipulative
materials (mmm) has remained fairly limited in the schools. The reason
for this study was thus "the perceived discrepancy between theoretical
need for manipulative experiences and common :éaching practices focusing
on the textbooks.”" The goal was to discover what factors affect the use
of mmm in the classroom and to design responses at the préservice or
in-service level to effect an "fncreased intensity and diversity in use
of mmm,"” '

3. Research Design and Procedures

The dasic design was a self-report questionnaire survey of teacher
| characteristics, practices, and attitudes concerning mmm, a tabulation

of these data, and a series of correlations between a measure of "inten~
sity and diversity" of the use of mum and the other factors surveyed.
Population: The population sample was all the eleméntary teachers of

North Dakota elementary schools with level 1 accreditation (approximately
1000) and enough randomly selected schools with level 2 and 3

29
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accreditatfon to provide a pool of 500 teachers from ecach of these levels.
A total of 2100 questionnaires were distributed to & total of 147 schools.

Questionnaire: The questionuaire conninted of 21 items. The content of
the questionnaire was reviewed by seven pecple not directly_a:anci;ced
with the surveys. The quesiionnaires were distributed to bﬁildins prineci~
pals of the selected schools. Principals were requeitcd to give them to
tﬂcin teachers, and then collect and return the completed forms, No
attempt was made to ascertain which schools or teachers returned com-
pleted forms, nor, for that matter, the proportion of responses within &
given building. The total return was 983 (47 percent) questionnaires from
116 (79 percent) of the schools.

Data Analysis: A number of tables presented the responses by grade level

tasught as well as by totsl. In addition to reporting the data by item
and category, another variable was constructed., In brief, if a teacher
checked that mmm were used "a little,” a score of 1 or 2 was determined

s teacher checked that mum were used "quite & bit", a score of 3 or 4 was
determined; and if a teacher checked "very extensively", a score of 5 or 6
was determined on the same basis as before; This constructed variable was
correlated with other measutes.,

While several measures of correlation were computed and reported, the

" Pearson r is the statistic generally used in inferring relationships among

the neasures.

4, Findings ' 4
The frequenciea of the various items being used, in the order of

most to least were as follows: metric materials (72 percent), counting
chips (45 percent), bundles of sticks (44 percent), geometric construc—
tion materials (39 percent), fraction discs (37 percent), tangrams (28
percent), geoboards (23 percent), calculators g%f\zzrcenc), attribute
materials (21 percent), and Cuisenaire rods (20 pereent), Math balances,
fraction bars, “other," and Multibase Arithmetic Bars were all less
than 20 percent. ' g
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As to the extent of use, 35 percent of the teachers rnpcrtad the k.
use of 2 or 3 different types of materials, and 29 percent reported the
use of 4 or 5. Forty-eight percent (48I) reported "littleﬁ averall use
and only 7 percent reported “extensive" use, o

Hnny correlations with the constructed 1ntensity-dtverti:y measure
wvere significant bfyond the .0001 level, The large sample size pro-
duced significance for r values as low as .11, .

The following correlations were commented upon by the author,

With respect to source of materiasls: Teachers who own (.33),

construct (.25), or request (.29) materials are more likely to

use them thaﬁithoae whe do not. But teachers with the greatest
variety of available materfals (.44) are the most likely to use
them.

Wwith respect to source of knowledge about materials: The most

effective source wvas professfonal reading (,25), followed by in~
service . (.19), graduite courses (,17), and undergraduate courses
(.18). The most significant factotr, though, was the total number
of sources (.39).

With respect to teacher belief about the effectiveness of mmms

There was a much higher relationship between the use of mmm and
‘the belief that fast (.23) or average'(.24) learners benefit from
their use, than with the belief that slow leafners do (,08), How=
aver, 98 percﬁgt of the teachers believed slow learmers benefited
from the use of manipulatives, rendering this factor impotent in
distinguishing anything.

Finally, use of reference books (r = ,26) and knowledge of manipu~
lative use (.25) were cited as showing notable strengths.

5. Interpretations
Conclusions (paraphrased):

1. There sre many materials in the nchedin.
2, Extent of use is not particularly high, -
3. The relationship between mmm use and 1enrn£ng centers is to be

expected. It is nct clear {f the desire to use mmm produces -

learning centers or conversely.
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The lack of ralltion-hip between use of nmm and -pec:hl cduca-
tion settings was diuppoincms

.

Parsonal involvement by the teachers in obtaining mmm and the :
apparent professicnalism of teachers seem to produce the best W

>

prediction of mmm use, . . .«,\;;

The relative high belief fn the value of meo together with the EN
relative low usage indicate a large market potential, However,
teachers seemed ill-informed about the true cost of materials,

-

The fastest way to increase intensity of use of uma is to
increase the use of those already in the classroom,

Since perscnal involvement in procurement of mmm is related to
use, classes for teachers at every level should include

‘packages, S : -

Since pemogal reading is related to use of mmm, efforts should
da directed to increase the use of journals such as the Arith-
metic Teacher,

Support should be provided for the develapm: of learning

centers.

Further research that better defines the construct "extent of

use" of mmm should be undertaken, i

Abstractor's Comments

This status study was vell done and does provide information that

can afd in the planning of in-service and prmérvice courses, The author :
was obviously aware of the difficulties associated with such studies and

 took steps to avoid them. The limitations of the varioys procedures were

recognized for the most part, and the implications appropriately res~

tricted.
1.

But the léudy is not without its problems,
There is no justification presented !er :hc use of r vhen it
seems that the Spearman Rho would have bean the preferred statis~
tic to messure relstionships between _wh:t are at most nnkcd
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measures, The Rho is clearly more conservative snd the sanple
size provided an overwhelming amount of statistical power. <

2. The probable effect of the special sample and the probable
effect of the principals’ input to the teachers was not
addressed adequately., While it seems likely that such effects
would tend to inflate the apparent usage of mom, how this might

- affect the other variables and the correlations is not at all
clear,

3. While impifcit fn the tftle and setting, there is some question
about ﬁhe generalfzability of telationsbiﬁu observed in North
Dakota to other places such as the Chicago area, for an extreme

— example,

4, The selection of manfpulatives the teachers were to choose from
fncluded calculators and metric measures. Traditional measuring
devices such as rulers, pints, quarts, etc,, were not included.
.Furthermore, noatéacher was reported to have listed these in the
"other" category. While this is not a criticism of the study,

4t {8 curious.

The author calls for additfonal research using more clearly defined
variables relating to the extent of use of mmm, This seems necessary if

' we are to respond adequately to the in-service needs of teachers. I

would add that such fnvestigations in other settings are also in order.
0f course, status findings of relationship do not indicate causation,
While the dats do suggest valid diredtions for in-service work, they do
not denénatraee that the aystematic inclusion of such things as manfpula-
tive packages and subscriptions to the Arithmetic Teacher would actuslly
produce the desired effect, Even more ingeresting than the mere use of
amm in the classrcom. though, is the probable effective use of such
materials, '

In summary, it is this reviewer's opinion that, while the recommenda-
tions as presented are supported by the dats, care must be taken to pro=-

vide adequate theoretical frameworks for the use of om in the classroom,

The experimental evidence that was the starting point for this survey
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teachers of elementary schocl mathematice,
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. F S . ,\_
. involves the use of mmm in carefully structured ways. I'm not aware
! of a body of “research that indicates the mere inclusion of mmw in the
. curriculum is associsted with or productive of efficient learning.

. Howsver, the study was vell done, presents interesting data,and is well
worth the consideration of those who are involved with the training of

“
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Lesh, Richard and Mierkiewicz, Diane (Editors). RECENT RESEARCH CON-
CERNING THE DEVELOPMENT OF SPATIAL AND GEOMETRIC CONCEPTS. Columbus,
Ohio: ERIC Cleéaringhouse for Science, Mathematics, and Eavironmental
Education, May 1978, ERIC: ED 159 062,

Abatract &nd comments prepared for I,M.E, by MICHAEL MITCBELMDRE,

University of the West Indies, Jamdica,

1. Content _ ‘
This book contains eleven research garers and three review articles

concerning the learming of spatial and geometric concepts from infancy

to college age, together with an introduction by the editors and a

sumnary by Axthur Coxford, All the studies were completed in the 1375~

76 academic year by members of the Space and Geometry Working Group of

the Georgla Center for the Study of Learniﬁg and Teaching Mathematics,

2. Background ~— ‘
The Space and Geometry Working Group is one of nine working groups

set up after a series of research workshops organized in 1975 at the
University of Georgia., The group meets several times & year to identify
important issues, formulate researchable questions, plan research pro-
jects, and communicate results. It 1s believed that such collaboration
will lead to studies which are "more basic, more to the hea&t of the ‘I‘
matter, and consequently more important,' that more complex issues can -

be investigated, and that the optimal time for communication between
researchers is while projects are being planmed.. i

3. Brief Abstracts
. A, Studies.concerning pre-operational concepts
In the first paper, Lesh and Mierkiewicz review the Qiatinction

between perceptual and conceptusl processes, and relate both of these '
to the constructZon of images., They consider how a percept is extracted
from the visual array, emphasizing the influence of the observer's repre~
sentational system, and briefly discuss visual scamning, the relé of
perceptual activity, and the interpretation of lmbiéuous figures,
Finally, the term "image" is defined, charactéristics of "good" images

s,
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as multifaceted symbols are described, and Ehe relation of'im:géiy to
perception and conception is discussed. .
Lesh is alao the suthor of the second paper, He classified 169
kind‘rg:rten children into five operationnl ability levels in seriation,
All children were shown & triangular array of eix poker-chips which they

e ™

were then asked to reproduce or tecognize one week and six months later.
Scores on the criteria tasks were closely associated with aetia:‘on level,
There was a ligniﬂcmt improvement in scores from one week to six months,
but it was confined to the gsecond and third lowest seriagion levels. ¢
*fhe author suggests that the encoding and decoding phases of memory are
both influenced by the subject's operational sbility, and that those
whose scores improved had encoded the arrasy correctly, were unable to
decode 1t at one week, but had developed sufficiently to be able to
decode it more accurately at six months,

Fuson and Murray tested 96 children aged two to six years E:cn two
bnckgtounda on the haptic recognition, construction (using large or small
sticks) and drmwing of small (palm~size) models of a circle, triangle,
square, and diamond, The hypothesized orders of difficulty for haptice
cnn-tructiun—drawing and c1rcle-square-triangle«diamond wvere strongly
confirmed, Almost all children haptically identified all figures by
3,6 years, Over two-thirds constructed the square by age 4,0, the
triangle by age 5,0, and the diarond By 6.0, Héweka:, even at 6,0 years,
less than one-third were able to draw any shape other than the circle
accurately, Implications and secondary results are discussed extensively,

Musick gave 142 children sged 3% to 9 years & variety of movement
tasks intended to highlight the symmetry of distasce measurement. In
some tasks, the child walked, ran, or jumped across and back between two
points, sometimes carrying a load: in others, the child or the investi-
gator moved a doll, Children were asked to judge and justify the equality

of the two ‘distances, There was no significant difference in performance
between child and doll tasks, or between participant or observer tasks;
however, performance following walking was significantly superior to that
following running and jumping., The results are intérpreted in relaéion
to the role of activity in spatial learning.

& ol S A S R P N R T - IR DA PO M RN YR PN
: . PR . A -~



3%

In the final paper ia this section, Weinrweig summarizes thie Klein-
Erlanger Program, reviewing basic concepts nnd results pertaining to the
groups of motions and similarities, the affing and projective groups,
and the groug of heugannrphttul. He then considers some appects of
research on upace and gecnstry from the Kiein viewpoint.

B, Studies concerning transitional stages from concrete to formal

ogerntions
(1) Four studies in this section concern rigid nntions Thomas ¥

gave 50 students from Grades 1, 3, 6, 9, and 11 three tasks,
In the first, students indicsted whether lengths on gpp iﬁnge'
were equal to corresponding lengths on the original figure;
in the second, they located points on an image corresponding
to a given point on the original figure; and in the thizd,
they predicted the 1mages of given letters of the alphabet,
All three tasks 1nvolved a variety of slides, flips,and

turns, On the first task, most students seemed to believe

length was invariant under flips and turns, but classical
non-conservers of length tended to believe length changed
under slides. In the second task, while most first graders
chose the correct side even though the distance was often
wvrong, many third graders chose the nearest vertex, Per-
formance on the third task was ltransly influenced by :he
symmetry of the letter usedj Grade 3 perfurmea significantly
jower than Grades 6, 9, and 11, ’

Schultz asked 270 children aged six to ten yesars to predict
the outcome of various slides, flips, and turns demonstrated

by the investigator, Tasks varied according to the size and

peaningfulness of the figure and the size and direction of
the displacenent rgsuired by the transformation, Slides were
easiest, horizontal displacements were easier than diagenal
ones, moderate displacements were essier than short (over-~
lapping) or long ones, meaningful figures were generally
easier than non-meaningful ones, and large figures weare
easier than small ones, The most frequent error was in the
orientation of the image, )
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Kidder specifically investigated the concept of length
invariance. Siity children from grades 2, 3, and 4 were
first tested for clasaical length conservation; they were
then asked to ptedict‘:he image of a 125 mm long etick °
under 12 given t:annformations; the subject had first to
choose a stick af»;hc ‘correct. 1cnsth from five given, The
correct length vas cﬁp:nn 9 or more times by only 7 of the
31 eon:efveta lnd & .of the 29 nonr:cnsetvers. The author
suggests that the aubjectn conception of geometry was at
an affine stage, so that they made images which were like
but not congruent to the originul figures,

Perham trained & random hnlf o£~n sanple of 72 firlt-grade
students on slides, flips, and- turns in 11 half-hcut sesw
sions, using tracing paper, gecﬁqards and freewdrawing
activities in lecture~discussion and small group modes.
Tt.» posttest consisted of 28 multiple~choice items and 52
‘drawing items; a transfer test of 23 items selected from
commercial spatial ability tests was also given, Training
appeared to be succesaful in teaching understanding of
horizontal and vertical slides and flips and was somevhat
effective for turns, but‘there was no significant improve-
ment in the understanding of diagonal slides or flips,
Transfer to spatial ability was restricted to items on

perspective,

Two papers deal with "middle geometrics"--projective, affine,

and similarity geometrics.
r

Fuson presents a critical analysis of the relevant experi-
ments from Piaget's Space and Ceometry books, summarizes
the results, and suggests asvcral_a:eaa where further

research would be valuable,

Martin reports a study on the conception of ratie, Forty
children from Grades 3, 4, and 5 were shown a number of
models, each consisting of a rod with a fixed bead on it
dividing the rod in the ratio 5:2, Twelve tasks tested the
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. child's ability to prederve this ratio on rods of different
lengtha. The subject selected the sppropriate model in five .
tasks, placed a bead on a given rod in four, and drew & rod
and bead in three, A number of "helper sticks,” of the saue L
length as the teat models but marked off in seven congruent )
subdivisions, were availahla to the -uhjeetu. Performance .
among third and fourth graders was very poor, Among fifth e
graders, 7 out of 20 made correct responses to all nine of
the concrete tasks, and 9 made correct drawings, The "helper
sticks" were used by 30 percent, 50 percent, and 95 perceat =
of the children from Grades 3, 4,and 5, respectively,  The
most common error was to conserve the distance of the bead
from one énd of the rod. |

C. Studies concerning older subjects or formal operational concepts

Mayer and Johnson report three studies. The first study involved 120
children from preschool to third grsde and confirmed the dev&lopnental
order slide~flip-turn in contrast to the logicai order in which flips are
more primitive, The second study, with 84 subjects from Grade 5 to
college, found that locating a series of four colored balls in a 4 x & x 4
cubical array was empirically mpqﬁ difficult than the logically more diffi-
cult tasks of locating it in a 7 x 7 square array or six 4 x 4 square
arrays. In the thiid study, 120 fourth graders completed a ielf-
instructional unit which dealt with the definitions and elementary
properties of reflections and rotations, The results showed-that subjects
receiving advanced organizers scored significantly higher than those
receiving post organizers or no organizers, The authors argue that both
psychological and mathematical structures must be taken into account when
des? gnin; curricula,

Dietz and Barnett gave Piaget's water-level and plumb-line tasks as
a group test to 235 elementary education majors, Only 43 percent drew
the water level horizontally, although 82 percent drew the plumb-lipe
correctly, A random sample of 55 subjects was interviewed., None of the
29 who had given incorrect responses to the water-level task could
justify their construction; 22 of them gave different responses when
asked to show the level on & tilted (empty) bpttle. Ten of the 292 could
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not see that the surface of the water remained parallel to the table even
when it was demonstrated with a half-full bottle,’ ’

In the f£inal research study, Fisher investigated the influence of
instructional materials on conceptual learming, Subjects were 168
students from Grades 6 and 9 and cellege. At each level, students
were randomly assigned to one of three concepts (Yaltitude of a triane

gle," "angle of incidence,” and “complete 4-points”) and then to one of

four inatructional formats, In Format A, all figures were upright,~?hu\;__—g€

Format B, all were oblique; Format C began with upright figures and
changed to oblique figures; Format D reversed this order. The posttest
contained both upright and obltqpe figures, Scores on the upright fig~
ures were generally higher than scores on the oblique figures, but there
was no significant difference hetween the four 1nsgructional formats,

i Abstractor's Comments -

This book is a gold mine of information and ideaa; and is a must
for everyone at the forefront of research on spatial and geometrical
concepts as well as those who follow a little way behind, The standard
of the papers is uniformly high and demonstrates clear thinking on the |
purposes and rationale of each research project, careful aqalyaiﬁ and
interpretation, and a refreshing lack of inhibition as regards conjec~
ture and self-criticism, It is a pity that space does not allow the
eleven research studies separate abstracts in I,M,E,

Some criticisms can, of course, be made. Weinzweig's paper is

long and heavily mathematical without any apparent relation to the

research reported in other papers, Dietz and Barnett's study is a
replication of Rebelsky (1964), to which no reference is made, Other
comments would be minor and out of élace.

It appears that the idea of forming collaborative working groups
1s paying dividends. Several of the papers in this collection might
have been regarded as narrow and trivial had they appeared in fsolation,
but taken in context their value is obvious. The publication format
also has the advantage of allowing authors space cefevaluaée their own
procedures and interpret their rgsults much more deeply than is

generally possible in a journal article,

140
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One goal of the Working Group is to avoid the situation where
contacts between researchers are delayed until "a year or two after
projects have been completed and reports finally appear in journals or
at conferences."” This is all very well for the inegroup, but this book
covers research carried out in 1925-76 was published in 1978, and is
now being reviewed in 1979~~no be:ter than the standard achedule.

The strength of this publication lies in the collation of so many

results and insights and the‘many perceptive suggestions for further

research; it is tantalizing fof an outsider to wonder how much has been ‘

done between 1976 and 1979 which he knows very little about, One hopes
that the Working Group, having asked individuals who are interested in
cocperating in the research effort to make contact with one of its
leaders (Lesh at Northwestern, Weinzweig at Illinois, or Stetfe at
Georgla), are able to handle the volume of applications,

Reference

Rebelsky, F. Adult Perception of the Horizontal, Perceptual and
Motor Skills 19: 371-374; 1964,
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Michaels, James W, EFFECTS OF DIFFERENTIAL REWARDING AND SEX ON MATH
PERFORMANCE. Journal of Educational Psychology 70: 565=573; August
1978. ‘ B

Abstract and comments prepared for I,M,E. by BOYDD. HOLTAN,
West Virginia University.

1. Purpose .
The purpose of the study was to investigate the effect of reward for

reinforcement or competition and reward for individuals or groups upon
achievement of the solutions of three-step mathematics problems., Sex
differences were also investigated under these conditions. The hypothe-
ses of the study were: |
Hypothesis 1: Individual performance will vary directly with differ~
ential group rewarding, being higher in the differenti{al group
revarﬁing conditions than in the nondifferential group rewarding
conditions. C |

Hypotheais 2: Individual performance will vary directly with
differential rewarding within groups, being higher as the individual

receives greater réward in the group.

Hypothesis 3: The mathematics performance of males will be higher

than that of females. _—
. / -
HBypothesis 4: The matematics performance of females will show

greater responsiveness tc differential group and individual reward-

ing than will that of males.

2. Rationaie

The study investigated four basic reward structures: iin&ividual and
group reward contingencies and individual and group competition, The
firat two are associated with the reinforcement approach to structuring
rewards while the latter two are associated with the competitién-
cooperation approach. Under reward contingencies, the probability of
magnitude of rewards for one unit is unrelated to ofther units but deter-
mined by previously ascertained criterioF. Under compet“tion, the per-

formance of each unit is evalusted relative to the performance of other

4"

or
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units and rewards allocated accordingly., Either of these two reward
strategies may be based upon group perferménce or upon performance of
sn individual within s group, |

Previous studies are mixed as to the effectiveness of\}néividual or
group rewa.d contingencies and competition (Michaels, 1977). The liter-
ature on behavior modification documents effectiveness of bDoth individual
and group reward contingencies in strengthening performance in schools.
Studies of reinforcement and competition have, for the most part, been
separate, but this study is designed to compare both in the context of
group and individual rewards,

Based upon reviews such as Fennema and Sherman (1977) of academi~
cally related sex differences, msales were expected to outperform females
on the mathematics task., Yt was alse expected that females would perform
petter with individual rewarding.

3. Research Design and Procedures

Two levels of differential group rewvarding were paired with three
levels of differential individual rewarding within géoupa to form six
rewserd structures used as treatments. The reward was an amount of money
to be paid to each subject according to the reward structure assigned,
The two levels of group rewarding were:

nondifferential: eaph group was psid the same regardless of group

performance, -

differential: each group was paid in direct proportion to group'

performance (like group piecework rate.)

The three levels of differential rewarding of individual# within {
groups were: | ‘

nondifferential: each group member was paid the same,

moderate differentiasl: group members were paid in proportion to

their relative performance in the group~-if one member contributed
60 percent of the total group performance, he or she got 60 percent
of the group pay. ' ~

high differential: the group member vith the highest performance

got 75 percent of that total group pay. -

.
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Table 1. GCroup and Individual Reward Conditions

Individual Rewarding Within Groups

-

Non differential

" Ondividual group |

nenbers all paid
the same)

Moderate d%;ﬁer—
ential (Group
members paid
according to their
group contribu~
tion)

High differ-
entisl (top
group member
| paid 752 of
group reward)

Non differential | Non differential | Moderate individ-| High indi-
group rewarding group, and indi- ual competition vidual
(Groups paid vidual rewarding competition
identically)

Differential Group reward Individual reward, Mixed indi-~
group rewarding (Group piece~ group competition | vidual com-
{Group paid rate) petition and

relative to per-~
formance of othe
groups) )

group differ-

ential rewntd1

Table 1 indicates the six treatment groups. Subjects were volunteers
recruited from summer school classrxooms fn a state university who were told
that they had an opportunity to earn a variable amount of money ($4.00 ‘::o
$12.00) for one hour's participation in a pay system, Under constraints
of same sex and time availability, subjects were randonly assigned to
The

144 subjects were assigned to the six treatment cells, 12 males and 12

dyads which were randomly assigned to reward structure treatments,

fenales in each.

Each subject was given 11 performance-pay trials. Each trial con-
sisted of the subject working for two minutes on a different set of 32
three-step mathematics prodblems, having them scored and being paild accord~
ing to the treatment reward cell assigrment, The non differential group
members eéach received $1.20 for each trial, while those in the differential
groups received §,04 for each qeifect problem to be paid to members
accordingly,

The performance measure was the number of proplems completed correctly.
The results were analyzed with a 2x2x3 fsctorial analysis of variance
design for effects due to sex, differential group r;;arding, and differen~

tial individual rewarding systems,
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. &4, Findings - " . “
: The results of the ANOVA indicate that there were differences R

between the sexes and between individual rewards, but not between
groups. | !

- There was an.inta:actign_gitaggkbg:ween sex and(ggoqg rewarding
indicatedj therefore, separate 2x3 ANOVA tests were run for males and
females, ’

Hypothesis 1 was supported only for females. Mathematics perfor=-

mance of females varied directly with diffe:gntial group rewarding, but
the performance of males was higher when graﬁpﬁr-unxda were fixed,

HBypothesis 2 was supported for femalel but not for males, Females
performed better with individual rewatdins within the group than males.
However, the females with moderate individual rewarding within groups
performed higher than aﬁbjeets in the high differential and the non
differential groups,

Hypothesis 3 was supported as higher mathematics performances were
found for males than females.

Bypotheris 4 was supported as the performance of females was more
responsive to differentfal group and individual rewarding than males.

5. Interpretations

Only the mathematics performance of females responded to both greup
and individual rewarding, The performance of males did not respond
~directly to either form of diffgrential rewarding. Thus, immediate
gerformance'feedback after each trial apparently provided & stronger
stimulus for spontaneous competition for males, producing higher per-
formance regardless of how group pay was allocated between performeraf
The researcher suggested that these findings may have implications
for reducing the sex gap in mathematics performance by operationalizing
more explicit differenﬁial group or individual rewarding with classrooms,
Ha also suggested that the apparent spontaneous competition effect for
males should be tested further,

j i5
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. Abstractor's Comments .
- £ Although the study does not provide definitive information about tha
- . uses of differential rewvarding and competition in general, it appears to

=~  4ndicate that the sexes perform mathematics problens differently in

response to various reward atratcg%nl. with the eu:rcntlconcern for
. increasing the success of females in mathematics situations, this study
' suggests use of group rewards and moderate within group rewards for

females. | ; .
The yeport indicated 1fttle about the task other than that the
subjects were given sets of three-step nathematics problems to work,
There is the possibility that the type of problems or problem formats
msy have had different effects on the groups. ‘
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Micholeon, A. R, MATHEMATICS AND LANGUAGE. Mathematics in School

6~ 32-34; November 1977, '

Abstract and comments prepared for I.H.E. by JAMES M. sm,
University of British Columbia,

1. Purpose
1. To develop tests that are simple to devise and administer that

"wake the concept involved in each item as clear afd straightforwvard as

poanihle and ... ianvite ths'pupil to giwd the correct term naming it.'
2. To use the tests to estimate the "understanding or lack of

understanding of some of these words [selected mathematical terms]",

2, Rationale

In Lewis R, Aiken's article, "Language Factors in Learning Mathe=-
matics" (Aiken, 1972), he states that "It is generally recognized that
not only do linguistic abilities affect performance in mathematics but
that mathematics itself is a specislized language” (p. 359).

¥In mathematics, as in most other school subjects, key concepts
are referred to by specialized terms suci as ‘parsllel,’ $factor,' or
‘rotation'." In earlier research (Otterburn and Nicholson, 1976}, the
author had gained "an indication of the extent of the difficulty that
pupils ... have with some of the words which are used commonly in
school mathematics ...".

3. Research Design and Procedures

The article reports the results of two investigations,
Investigation I: An 18~item mathematics test was completed by
185 pupils being entered for CSE Mathematics [Cartificate for Secondary
Education Mathematics—'"broadly the middle 50 percent of the whole
sbility range"]. Each item consisted of a problem concerning one of
the 18 selected terms from the CSE Mathematics syllabus, For example,
for the term "multiple” the item was "Give one example of & multiple
of 30."; for the term "parallelogran” the item was “What is true about
the sides of a parallelogram?" The responseas were categorized as

P
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Correct, Blank, or Confused. The results were organited according to
percent of responses judged as Correct,

Investigation II: A 24~item test was completed by 46 students
using the Northern Irelahd CSE Syllabus A Maths. The test was the
completion items in Mathematics Test LZ. The results of 6 of the 24
items uﬁte‘nﬁt analyzed since the terms were not on the syllabus for
the Syllabus A mathematics course, which is "more or less traditional
mathematics.” An example of a test item follows: “The.numberc 60,
90, 120, 150 are all said to be of 30." The responses were
categorized as being Acceptable, Neutral, Blank, or Confused. The
results were grouped according to the number of responses judged

Acceptable. The results were based on a pilot study in one school.

4, Findings
Investigation I: One-third of the terms were "well-understood'

(% Correct 2 81.5 percent); ome-‘hird were reasonably understood, but
the students showed increasing confusion (55 percent £ % Correct 2
75.5 percent); and one-third were poorly understood (X Correct £ 41
percent), ) |

Investigation II: Half of the terms were understood (f# Acceptable
> 22) and half were poorly understood (fAcceptable £ 18).

Se Interpretations

"These pupils who enter for CSE mathematics have significant .
difficulties in understanding some of the mathematical terms in common
use,"

For each inveatigation ",.. any teacher can dévise his own test
... to diagnose the availability or otherwise to pupils of acceptable

linguistic terms for mathematical concepts,”

Abstractor's Comments

The author mentions several times in the three~page article that
"The intention was to discover whether a pupil understood the term
rather than to assess his mathematical ability" or whether the pupil
"appears to understand the concept,” The object was to see 1f the
pupil could "give the correct term naming it Tthe concept].”
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The results of both investigations were completely dependent on .
the terms selected, the point in the course when the testing was impfee

L

mented, and how successful the test developers were in making " ... each
item as clear and straightforward as possible ...". I'm not convinced
that a student who puts the term "gquare" in the following blank is all
that confused: "A four-sided figure whose sides are all.of equal
length 18 called a N
The suthor seemed to want the results to divide the list of terms K ~

into equal-sized groups. Both lists sppear to be divided based on the
number of items in each group rather Ehan on performance as stated,
In Investigation II the difference in performance level between the
lowest ranked term in the top group and the highest ranked term in
the bottom group is 9 percent. If he had divided the list three
items higher, the difference would have been 20 percent, |

The suthor chose to stay at a superficial level for his study of
language factors (i.e,, choosing the correct term with no considera~-
tion of concept understanding). The investigations add little or mo
information to the area discussed in Aiken's article (Aiken, 1972)
which was part of the stated rationmale for the studies.
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Renner, John W.; Sutherland, Joan; Grant, Rczlie; and Lawson, Anton E.
DISPLACEMENT VOLUME, AN INDICATOR OF EARLY FORMAL THOUGHT: DEVELOPING
A PAPER-AND-PENCIL TEST. School Science and. Mathematics 78: 297-303;
April 1978. )

Abstract and comments prepared for I,M.E, by RANDALL I, CHARLES,
Wood County Publie Schoels, West Virgimiwa, - -~ -~ =~ - L

1. Purpese .

The purposes were "(1) to evaluate the use of Piaget's Displacement
Volumé task as an indicator of early formal reasoning and (2) to develop
a valid paper-and-pencil task to measure the same re;soning without the
time-consuming limitations of individual interviews.”

2. Rationale
In the opinion of the authors, many of the concepts in science and
mathematics textbooks at grade 4 and above can only be understood by

those who are capable of "formal reasoning,” One study suggests that
S8 capable of demonggfgsing formal reasoning ability on Piagetian tasks
can understand "formal concepts in science.' The develcpment of a
valid paper-and-pencil task to assess formal reasoning would enable a
teacher in a brief period of time to diasgnose students' reaseoning and

subsequently select course content,

3. Research Design and Procedurea

A sample of 586 seventh- through twelfth-grade Ss was randomly
selected from across the State of Oklshoma and used to evaluate the
Displacement Volume task. EachSswas 'ix}dividually administered three
tasks: d ﬁ

(1) Displacement Volume. Ss were shown two identical glass con-

tainers partially filled with equal amounts of water. Next,
$s were handed two metal cylinders of equal volume but
different masses. The experimenter lowered the lighter
eylinder intc the glass container and the rise in water
level was noted. Ss were asked to predicgrthe rise in-water

level when the heavier cylinder 1s placed in the container.
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Se who made the correct prediction were said to be capable

of formal reasoning. If an incorrect prediction was made, ‘

the heavier cylinder was placed in the container. Ss who
now correctly explained the dilplac&men: wvere rated late
concrete and those who did not correctly explain the dis-

placement were rated as éarly concrete.

(2) Sinking and Floating. $s were given one large, heavy block
and one small, light block and asked whether they would sink
or float. After justifying their classification, Ss experi-
mented with the blocks and were then asked to suggest a rule
governing the sinking or floating of blocks. Ss who success-

fully related observations to a general rule were categorized

as formal operational.

(3) Pendulum. The procedures used for administering this task are

not discussed.

A sample of 118 eleventh-grade Ss, 46 sixth-grade Ss, and 25 fifth-
grade Ss was used to validate a paper-and-pencil instrument developed by

the investigators. Groups of Ss were administered a four-item Displace-

ment Volume paper-and-pencil test. After completing the test, Ss were

i{ndividually interviewed on the Displacement Volume task described above.

Item 1 on the paper-and-pencil test showad the § two identical graduated

cylinders partially filled with water snd two congrueat circles repre~

senting glass and steel marbles. A discussion comparing the objects was

provided. Item 2 showed one cylinder with. .the giass marble submerged
and a higher water level. Cylinder 2 was identical to that shown in
ftem 1. Item 3 asked the S to describe the resuits when the steel ball
was placed in cylinder 2, and item 4 asked for & justification of the
response to item 3. Responses on the paper~and-pencil task were rated

as evidence of formal or concrete reasoning.

4. Findirgs

The findings for both parts of the study weve reported by grade
level and for the total group. The authors' discussion of the findings
was limited to the total group.
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It 16 difffcult to believe that this study was the first to investigate
these interview tasks.

There sre several other seriocus weaknénQes and questions related
. to this study which severely limit the value of the resesrch reported:
(1) The terms "formal reasoning,” "early formal reasoning," and

"fully formal reasening".ate”nﬁt clearly defined, e

{2) The sauples of students are not adequately described, One
sample “was drawn from a achool with students of average I.Q.
= 120," What about the other students? Why were grades 7
through 12 used? Why weren't the same grades used in both
parts of the study? Why weren't the findings across grade
levels discussed?

(3) Were the interview tasks presented in the same sequence to all
Ss? Does performance on one tisk affect performance on another?
The paper-and-pencil test was given to all Ss immediately before
the individual interview task. Does the time between tasks and/

or the order of presentation affect responses?

(4) The readability of the paper-and-pencil test was piloted with
eleventh- and twelfth-grade Ss and college freshmen. 1In the
final study, &l - test was administered to fifth- and sixth-

grade Ss.

(5) The authors suggest that all three interview tasks can provide
evidence of formal reasoning. If this is true, one would
expect consistent responses across tasks for an individual
S. Did this happen?
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Russasc, R. J. THE RELATION BETWEEN TWO STRATEGIES OF CARDINAL NUMBER:
CORRESPONDENCE AND COUNTING. Child Development 49: 728-7353
September 1978.

-

Abgtract and comments prepared for I.M.E. by MARKITA PRICE GULLIVER,
Stephens College, Columbia, MO.

1. Purpose .
The study was designed to investigate "acquisitional relations

between two strategies of cardinal mumber: correspondence and counting”
(p. 728). The investigator compared the strategies of kindergarten,
first-, and second-grade children using equivalent and nonequivalent sets.
2. Rationale X

Piaget [and Szeminska](1965), using the comservation of rfumber
paradigm, concluded that "comservation ability requires both cardinal
and ordinal understanding” (p. 729). Brainerd (1973), using slightly
different tasks, found that ordinal concepts developed earlier than
cardinal concepts. While Piaget apparently allowed his subjects to
count, Brai&g:d did not. Piaget assumed that the counting had little
meaning unless supported by cognitive structures demonstrated by the
ability to conserve number. On the otlier hand, Gelman (1972, 1975)
argued that cardinal ability is explained by assuming & counting stra-~
tegy in children ages 3 to 6. BHowever, Gelmsn used sets of two or
three elements. For sets, this small perceived cardimality or direct
discrimination of cardinality becomes a confounding factor. Thus, the

esent study used sets of seven to ten elements.

During the standard conservation-of-number tasks, critics note
that children sometimes attend to number-irrelevant cues. The children
in the present study had a "collinear correspondence" task in which
they paired elements from two sets into a single linear array. This
eliminated problems involving "static' configurations such as those
iu Brainerd's study (1973) and the problems of the standard conservation~
of-number tasks. Hcwever, the latter task was 1nc1g§ed in the present

study to compare to the "collimear correspondence"” task.
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3. Research Design and Procedures

The design was 2 (correspondencé vs. counting) x 2 (equivalency
vs, nonequivalency). Nonequivalency was examined with respect to both
asymmetric and transitive relations. Ten boys and ten girls were
sampled from each grade level: kindergarten, first, and second, Half

the kindergarten children were from private schoolj all others were

from public schools in the Phoenix area. i

Materials consisted of 15 blue and 7 red poker chips, a plastic
container and 4 cardboard strips with 7, 8, 9, or 10 centered, equally
spaced red dots. The dots and the spaces between them were ’the size of
the chips. ’

Chiidren were individually given five randomly sequenced tasks.

Prior to the tasks the kindergarten children were asked to count to 10
and to identify red and blue. The tasks and Scoring were as follows:

a. Equivalence by counting (4 points total), Child counted an
equivalent number of blue chips into the container when shown
red dots on cardboard strip.

b. Equivalence by correspondence (4 points totai). Child placed
equivalent number of blue chips next to, but not on top of ,
red dots on strip. Any sign of counting was interrupted.

Both equivalency tasks used a random sequence of the four cardboard
strips. ‘ _

c. Nonmequivalence by counting (3 points total), Child counted 7
red dots on cardboard strip and 8 blue chips and responded to
question, "Are there more red dots, or more blpe’chips, or as
many of both?" The strip was then placed face down. The task
was repeated with the 9 red dot strip and 8 blue chips. With

. both strips face down and the blue chips removed, child
responded to tramsitive question about the strips, Child had
to remember the number of red dots on each strip and answer
which strip had more,

d. Nenequivalence by correspondence (3 points total). Child
placed 8 blue chips on the 7 red dot strip mext to dots and
answered same questién as in task 3. Again the strip was
placed face down, The task was repeated with the 9 red dot
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strip and 8 blue chips. With both strips face down and chips
removed, child responded to question of which set had more dr
were there as many of both.
e. Conservation of number (2 points total). Child watched as 7
red chips were placed in a row. Child made an equal row of .
blue chips (1 point), One row was spatially rearranged and
child was asked, "Are there more red chips, or blue chips, or
as many in both places?" Procedure was repeated with the other
| row being rearranged. Child had to explain responses (1 point).
Scores on all eightkmeasures (equivalence by counting, equivalence by
correspondence, asymmetry by counting, asymnetry by correspondence, : -
transitivity by counting, transitivity by correspondence, congservation
of number, and pretransformation by correspondence) were made dichoto-
mous. A child passed the equivalence and asymmetric tasks if correct

on all trials. The other four tasks were already dichotomous.

4. Findings

Scores were converted to proportion correct on the eight measures.
Means and standard deviations were reported for each grade level. Pre-
liminary analysis showed no effect for sex or sex by grade interaction,
and these factors were therefore ignored on subsequent analyses.
"Kindergarten children differed significantly from first and second
graders on equivalency by correspondeﬁée, F(1,57) = 14,33, p <.003; con-
servation of uumber, F(1,57) = 7,11, p<.0l; and asymmetry by counting,
F(1,57) = 9,10, p< .004. First graders performed significantly less
well than second graders on equivalency by correqup#esce, F(1,57) =
11.20, p< .002; and asymmetry by correspondence, F(ftS?) - 6,26, p.<.02"
{pp. 731-732). An order analysis procedure was used to determine a hier-
srchical ordering of the tasks. The resulting diagram showed that
"count;ng tasks were easier than correspondence tasks, while equivalency
by correspondence proved to be the most difficult procedure for children
in this study” (p. 732). Transitivity tasks were not included 17 the

order analysis because the scores were spuriouély high.
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5. Interpretatééns-
"The findings of this investigation support Brainard's (1978) con-

tention that conservation of number is an intermediate step in children's
understanding of quantitative c;rrespondence...(pnd) the finding that

ability to determine asymmetric cazdinal relations appear prior to appro-
priate judgments of equivalent relations wheg correspondence is the

strategy used" (p. 732). The author discussed why the similar results

from Brainerd's static correspondence and the collimear correspondence
taskshdiffer substantialiy from the results cbtained from conservation

of anumber tasks. In the main,-the children of the present k:udy and
Brainerd's failed to use a nonperceptual pairing strategy.

- The author also discussed at length the reasons for the high trans-
itive scores and for their exclusion Ero& the order amalysis. Forty .
percent of the children correctly answered the transitive question but \\
failed to answer the asymmetric questions correctly. Since transicivity ‘
assumes aﬁ understanding of asymmetric relations, the tramsitive data

were not analyzed. The author also discussed the limitations of the

study: the conservative scoring and the wording of the“prompts in the
correspondence tasks.

Abstractor's Comments

»
Russac has attempted a difficult task, that of investigating hier-

archies of learning or relative acquisition of mathematical concepts.
The question‘cf whether counting or correspondence is understood first
ig an important one for an understanding of how the concept of number
is learned, This, of course, has implications for mathematics educa-
tion and the teaching of early number concepts, There are, however,
several questions this reader had about the study,

1. Was there a pilot study? If so, why wasn't the problem of thc
transitive question noticed then? Russac is to be commended for ilook-
ing at the quality of the data before blindly analyzing it, Too many
investigators fail to ask whether the raw data actually have meaning
before applying the most sophisticated of analysis tachniques, From
the discussion of the problem, it appeared that th. children were using
the perceptual cue of length of the line of rud dots to decide which of

56



54 )

~\
)

'

the 7= or 9-dot sets had more dots, ﬁ;ing sirips in which the relative
mmber of dots conflicted with lensth-éensity cues may haye changed the
results. .

In addition, a pilot study would have revealed the need for word
cues in the correspondence tasks, 'As the author noted, children were
told to "count” in the counting tasks, but there was no simiiar help
such as "match" or "pair," in the correspondence tasks.. These simple
changes‘bill improve the replicated study.

2, Were the reported F-ratios the rgsults‘af post-hoc contrasts

f(Scheffe, Tukey)? In any case, the degrees of freedom for the
¥ statistic should have been 2 and 57 rather than 1 and 57, since

there were three groups of children, An incorrect reporting (or
uncorrected typing) of simple statistics casts doubt upon the rest
of the analysis,

3. What was the specific definition of "pgrceptual“ and 'non-
perceptual”? From che context it appeared that a perceptual pairing
meant one in which the dots or chips were om top of one another, in
parallel rows next to one another, or im some regular spatial arrange-
ment, Nonperceptual should mean that the child used pointing or some
mental means of pairing the sets, Russac alse included the particular
"collinear correspondence” used in the experiment as a nomperceptual
pairing. Actually the "collinear correspondence' seemed to be both
perceptual and nonperceptual (assuming the sbstractor gleaned the
proper definition from the text), It was perceptual in that the chips
were physically placed next to the dots; it was nonperceptual in that
the child had tc remember which chip was paired with which dot.

The results supporting Brainerd and differing from Pilaget hinge
entirely on the "collinear correspondence” task the childrem had to
perform correctly to show understanding of equivalence by correspon-
dence, Besides not knowing exactly what the adult wgnted the child
to d with the red dots or blue chips, the child may have been very
frustrated with the admorition not to count mor to put the chips on
top of the dots. As Russac mentioned when discussing this limitationm,
use of the words "match” or “pair" may have eliminated some of the ' '

problems, However, most of the problems seeméd to occur because the
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children had never made arrays before, whereas the children appeared
to have made correspondences in pctallel rows since they had little
difficulty in the precransfctnst{cn correspondence task.

Russac included the pretransformation correspondence task before
the conservation of number task teo nttenpt to determine the rela‘icn
betwaen that correspondence and the "collinear correspondence" task,
The order analysis indicated that the pretransformation.correspondence
vas ccquire& before conservacion of number, which in turn is acquired
before equivalence by correspondence. Since both correcpchcnce tasks
are comparing equivalent sets with only difgering methods -of corres-~
pondence, might not an alternate 1nterpreta€1cn of the analysis be
possible? Children in the early grades do many activities which
involve pairing or matching equal sets. They alsc do many worksheets
matching number symbols to pictures of sets, Almost all of these tasks
usually involve a regular spatial arrangement of the sets, Thus, the
order analysis may only reveal that equivalence by correspondence pre=
cedes conservation of number if the correspondence is a familiar one,
while it is acquired after conservation of number if the particular
correspondence required is an unfamiliar type, If the children of
the study had experience with many types of correspondence tasks, the
hierarchy of acquisition of the concepts of cardinal number wmay have
been different, '

Russac's results indicated that counting was acquired befcre corres~
pondence and conservation of number, contrary to the results of Piaget.
How much does "Sesame Street" influence the counting of American
children? Is there any child who has not been indoctrinated with rote
counting from the time he or she began watching cclevision? Will mathe-
matics education researchers ever be able to determine acquisitional

relations between counting and correspondence?

References

Brainerd, C. J. Mathematical and behavioral foundations of aumber.
Journa} of General Psychology Momographs, 1973, 88, 221- 281,

\
Brainerd, C. J. The origins of the number concepts. New York: Praeger,

1978.




&
»

L

“gem -

LT e e RS R A R Y R R T R
. I AP AN A A A% . N
. * -
<+ . . e

Gelman, R. Conservation acquisition: a problem of learning to-‘sttend

to relevant attributes, Journal of Experimental Child Psychology.
1969, 7, 167-187, ~

Gelman, R, Logical capacity of very young children: number invariance
rules, Child Development, 1972, 43, 75-90. :

Celman, R, and Tucker, M. F. Futtﬁer investigations of the young
child's conception of number, Child Development, 1975, 46, 167-
175. : '

Pisget, J. [and Szeminsak, A,]. The child's conception of number. New
York: WNorton, 1965. :

191 ]
<
Ve

AN ‘:\"\\:}:‘?#ﬁ\ ygg %

RN



SRt AR §~ R

TP T TR
. “,. ;.".a.?.‘.,A,,,

S ) .- /
) 57
\ Shann, Mary H. ASSESSING AVAILABILITY FOR BASIC SKILL DEVELOPMENT IN f%f
é\ THE ADOPTION OF A NEW CURRICULUM, Paper presented at the Annual Meet- )

i ing of the American Education:l Research Alsoeiation. March 1978.

\ERIC: ED 158 374, el .

B 3 K
Abaernct and comments prepated for I.M.E. by JOHN TARR, =
University of Nerthern Iowa, .

.. | . ‘ ;ﬁ
. §

1. Purpose - T
The purpose of this study was to determine the effect on students
« basic skill development of ﬁning the inpovative curriculum called Unified
Six basic skill

Science and' Mathematics for Eléuentnty Schools (MSMES).
aress--reading comprehension, mathematics application, mathematics con—
cepts, science, and social science--were included in the investigstion.

In the study USMES was used in elementary school grades which were gr
into thréé blocka- 2~4, 5-6, and 7-8, The effects wvere measured dy pre-
testing in the gall and posttesting in the apring.

2, Raticnale
USMES units are designed to engage elementary school students in
long~range, complex investigations of real and practical problems taken
from their achool eor commﬁgity envircnment, Students are supposed to gain
competence in problem soiving in a manner that gives them an undérs:anding
of the problem-solving ?rocess as well as the aquigitibn of basic skills
.
’

and concepts,
A

In the economic and politfcal climate in which USMES was implemented
educators were forced to take cautious views of new programs, particularly

1f the programs might detract from efforts to teach basic skills.
significant portion of the evaluation of USMES involved assessing the

effects of USMES on students' basic skill development,
The "back-to-basics” movement which swept the country during the

19708, coupled with the relative ease of measuring basic skills objec~
tives, likely account for the tendency to focus accountability programs
narrowly on lower level cognitive goals, while excluding attention to the

<

difficult~to-measure higher mental processes and elusive affective goals.
The USMES curriculum did not escape the pressure to remain successfully
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accountable for studants' basic ak&llhdsvulepngnt. USMES developers
and evalustors had to seek evidence that the USMES students perforued
at least as well as non~USMES studemts in the basic skills,.

3. Research Deaign and Proceduras
To determine the effect of RSNES on the develepment of basie skille,

a study was made of USMES classes and non-USMES clagses, USMES teachers
frnm 15 geographic areas were selected to achieve a national ;ample of
USMES classes representing & cross~section of grade leveli. socioceconomic
levels, and USMES units, Control classes clﬁe from non-USMES schoola
which were located in the same or naighborinslcommunitiea as the USMES
schools, The control classes were selected to nntehlthe USMES sanmple
classes, one~for-one, on the bases of grade levél, socioeconomic level,
geographic area, and general features of the schools' programs, ' Although
the investigation intended to use a sample of 40 USMES classes and 40
control classes, difficulties in data collection resulted in usable
returns from at most 60 classes for any of the subtests.,

Six subtests of the Stanford Achievement Test (SAI) series ware used.
Reading Comprehension and Mathematics Computation subtests were adninis-
tered in all the classes, Mathematics Cencepts and Science subtests were
administered in half of the classes; Mathematics Application and Social
Science subtests were given in the other classes. A scaled score was
obtained for esach student for each of four subtescs the student touk..
The scaled score supposedly offered a system of inter-battery standard
scores with comparability across levels for & test area, The unit of
enalysis was the classreom. |

Pretests were given in late September and early Octobet, peatteats
were given during the following May, Vnrious leveis of the test were
employed, one per class. Grades were grouped into three blocks: 2~4,
5-6, and 7-8,

Thus the study involved three independent variables: treatment
(USMES, non-USMES), grade (three blocks), and administration (Fall,
Spring). It involved six independent variables~-classroom means of

scaled scores on each of six SAT subsets,

LF |
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The data for esch subtest were submitted to a repeated measure
snalysis of variance to investigate whether classes from either treat-
ment group realized statistically significant gains in any of the six
subtest areas from fall to spring, Also, across the six analyses,

24 inters~tion effects were t:uted.. |

4, Findinga

Results from the six repeated measures analyses of variance sre-
summarized in the following table, Complete ANOVA tables and tables

" of cell means and standard deviations from the analysis of each subtest

are given in the final report to the National Science Foundation on the
evaluation of USMES (Shann et al,, 1975}, These data were not included
in this report.,

Sumary of Significant Results of Repeated Measures
Anglyses of Variance on Six SAT Subtests

e e o e —— . —
Subtest n® Treatmentb ~rade® Pre-?oatd Interactions
ae;g::gng::; 60’ N.S.  p<0.0001 p<0,0001 GXA®, P<0.05
Mathematics ‘
Computation 58 N.S. p<0,0001 p<0,0001 GXA%, p<0.0001
Msthematics -
Application 22 N.S. p<0.0001 p< (.01 none
Mathematics
Concepts 31 N.S. P <}[0.0001 N.S. none
Science 29 N.S. p < 0,.00C1 p< 0,01 none
Social Science 25 N.S, p< 00,0001 'p< 0,01 GXAe, p< 0,05
TX Af. 7<0.05
a

n= number of classes; class means were used as the unit of analysis
busMES versus non-USMES ,

CGrades were grouped into three blocks: 2~4; 5-6; and 7.8.

d‘l‘heue were Fall and Spring administrations of the SA’I‘ subtests,

®Interaction of grade with test administration

tlnteraction of treatment with test administration

62
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‘There were highly significant incraases (p<0,0001) in all six sub-
test measures from the lower to higher elementary gradgs for both treat-
ment groups., Alao, aigﬂiticant increases firom pretesc to posttest
sdministration for both trestment groups within each grade level were
found for all but one subtest, Mathematics Concepts, There were no
significant treatment differences. Although the chserved treatment
differences consistently favored USHES theaa differancal were not
statiaticully significant, ' o

Twenty of the 24 interaction effects tested'ware not significant,.
The analysis for Reading Comprehensfon and for Hnthenaticu Computation
subtest scores each produced a significant grade-bynndministratinn
interaction. In Reading Comprehemsion, the preepost mean gains for the
three grade blocks, 2-4, 5~6, and 7-8, were 12, 7, and 1 points, respec~
tively. In Mathematics Computation, the pre-post mean gains by grade

level were 12, 6, and 0.2,

The other two significant interaction effects were observed from
the analysis of social science subtest scores, Although the USMES
groups at all three blocks of grade levels showed gains from pretest
to posttest, their rate of growth declined for the séventh and eighth
grades, Changes in control group pfe-tc«pcstqscores varied erratically

by grade blocks--~gome no change, some highef, some declines,

S. Interpretations

With the exception of the two interaction effects from the analysis
of the social science subtest scores, the results from the repeated
measures analyses presented no surprises; they ccnformed solidly with
the results one should expect,

The highly significant increases in all subtest measures from the
lower to higher elementary grades for both treatment groups were con-
sistent with expected growth patterns for these areas of achievement.
One would expect seventh- and eighth-grade ciasses toc score higher than
second- and third-grade classes and, in this study, they did,

The significant growth patterns from pretest to posttest are what
one would hope to find for both treatment groups. fhat is, one would
expect scores to be higher in the spring than in the previous fall.
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In this study, significent increases were found in ali but one subtest,
Mathematics Concepts, .

Sophisticated analyses were not needed to ascertain that the
national sample of USMES classes performed at least as well as their
control matches on the six selected sudtests. USMES students had not
been deprived of instruction in thé basic skills and, in some cases,
they may have received more instruction than non-USMES qtuden:n.‘ Thus,
in the mathematics and science skills ares, USMES should not have been
interfering with skfll and concept development, but rather, adding to
it. The results of this study are, :hereforé, not surprising,

The grade-~by-test administration interactfon effects noted for
Reading Comprehension and for Mathematics Computation may be a function
of a ceiling effect of these sub:gsts‘und on lesser attention devoted to
these subjects over the years of a school's program, Also, these two
significant interacticn effects mirror the growth curves for these basic
skills, The two intera;tioh effects from the analysis of the social

science subtest scores were surpriaing; No explanation was offered.

Abstractor's Comments

Mary Shann has clearly presented the problem, methodolegy, findings,
and implications of the study of the effect of USMES on the basic skills,

One might ask if this study was necesssry. In a time when "basics"
sre stressed, everythir: else is questioned. Perhaps in another era we
might question whether imstruction in "the basics" interferes with the
students' competence in complex problem solving, Do students in a
particular mathematics or science program perform at least as well as
other students on rests measuring problem-solving competence? For the
1970s, however, the study was necessary and its results should ailay the
fears of those protecting the basic skills.

The scudy appropriately used the classroom as the unit of analysis
and care wvas taken to select a large enough sample sc that the number in
each cell was sufficient. The control classrooms appear to have been
matched carefully to the USMES classrooms, Is it passible, however, that
teachers electing toc use USMES materials differ in some way from those
who do not elect to use USMES materials? Cou;d teachers who had volun-

teered to use USMES materisls have been used as controls?
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‘The results of the study suggest that USMES is “safe'; performance
in the basic skills was not lowered, One might question what the implie-
cations would have been if the basic skills icc:en were significantly
lower for USMES classes. Whst price would we be willing to pay for
improved competence in complex problem sclving?

Time given to instruction in éhc basic skills apparently was
affected very little by the 1ntreductton’§£.usuEs units. Where then )
did the time come from? Since the length of the school day likely
renained the same, was USMES instructional time taken from music, art,
or phyn#cnl education?

The investigator raised s question about the scaling procedures
used. The USMES evaluators were concerned that the formulas given by
the SAT test developers hsd not achieved comparability of translated,
scaled scores across test levels for a given test area. This may have
been responsible for the lack of homogeneity of variance experiencedlin
this study. Although it was beyond the scope of the USMES evaluation
to test this hypothesis, it deserves further study. The investigator
suggests how such a study might be structured,

The need for more objective instruments to measure problem~solving
skills was noted by the investigator. New instyrument development for
complex problem solving has become a thrust of the USMES evaluation
team's efforts since a valid accounting of the program's worth is
dependent on & valid mcasure‘ef complex problem solving. The develop~
ment of new tests to measure students® achievement in various aspects
of préblem solving deserves the concerted attention of the evaluation

community.
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